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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Generally this application is related with an automatic test equipment. It is related with measurement of 
the duty cycle using an automatic test equipment in more detail. 
[Background of the Invention] 
[0002] 

In manufacture of electronic parts, such as a semiconductor chip, the need of measuring the parameter 
about an electrical signal often arises. The component part which operates to incorrectness can be 
discovered by comparing said measured parameter with expected value. While the component part is 
designed, the information for improving a design can be offered by discovering inaccurate actuation. 
[0003] 

All the component parts made are often tested at least at once during manufacture. Semi-conductor 
components are sometimes tested even on a certain in-between stage of a manufacture process, even 
when it is still some wafers. The component part which operates to incorrectness on this in-between 
stage may only be thrown away, in order to save the costs concerning the further processing. In other 
cases, in order to decrease the number of the component parts with which a defect is, the result of said 
test is used although fabrication operation is changed. For example, yield management software 
assembles the defect found with many component parts, and specifies from a calibration the 
manufacturing installation or other problems which have shifted in manufacture of said component part. 
The yield of the component part in said process which functions completely serves as a higher rate by 
changing said manufacture process and removing these problems. 
[0004] 

Moreover, the result of a test can be used also in order to change said fabrication operation by other 
approaches. For example, using a laser trimming or inclusion type proofreading circuit etc., the 
component part which operates to incorrectness may be changed so that it may operate to satisfaction. 
Or in order that "BININGU" (binning), it may be used again. [ a test ] [ a component part ] Even if it is 
the component part which does not work so that it may be expected under a certain test condition, under 
other conditions which are not so severe, it may work appropriately. For example, the component part 
which operates to incorrectness at the temperature of 125 degrees C may work appropriately at 105 
degrees C. These component parts may be marked as a product for fields whenever [ low-temperature ], 
and may be sold. Similarly, the component part which does not operate correctly may fill the 
requirement on all actuation in a lower clock rate with a high clock rate. These component parts may be 
sold as an object for actuation in a lower clock rate. According to the result of a test, it is sometimes 
called "speed BININGU (speed binning) M to assign the greatest operating ratio to a component part. 
[0005] 

The automatic test equipment by which have sometimes been called the circuit tester is designed so that 
semi-conductor components may be tested quickly. In order to test economically all the component parts 
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currently manufactured, an automatic test equipment must carry out the perfect test about a component 
part for a short time, such as several seconds. An automatic test equipment is often equipped with two or 
more digital channels, and both of also generating a digital signal to one test point and things to measure 
are possible for each digital channel 
[0006] 

A circuit tester performs a "pattern." A pattern is a program which makes a circuit tester perform a 
certain one test or two or more tests. The pattern includes the vector of 1 continuation. Each vector 
specifies actuation of said all digital channels between actuation of said circuit tester of one period, said 
circuit tester ~ ******** ~ ft is alike, said vector is performed and a series of required stimulus signals 
(stimulus signal) and measured value are created. In order that the component part of a sample offering 
may set up the rate which operates between said tests, the timing of said vector is controllable. 
[0007] 

It specifies whether each vector is to measure that between specific cycles and its channel make a signal 
be to be generated to each channel, or a signal. When said channel makes a signal be to be generated, 
said vector specifies which logical value of HI or LO said signal should have. On the contrary, when 
said channel is to measure a signal, said vector specifies the expected value of said signal. At the time of 
measurement, when there is no expected value in a measurement signal, said channel outputs a defect 
signal (fail signal]). 
[0008] 

Moreover, a circuit tester is programmable to control other operational parameters. For example, the 
voltage level corresponding to logical HI or a logical LO signal is usually programmable. Furthermore, 
an event can program the timing which happens to less than one cycle. Said channel can program the 
time amount which should apply an output value to the beginning of said cycle. Moreover, similarly, in 
order that said channel may measure the value to the beginning of said cycle, the time amount which 
should sample said signal is programmable. The time amount from which a sample should be made is 
sometimes called "strobe" time amount. 
[0009] 

Said circuit tester is equipped with the defect processing circuit which catches said defect signal 
generated by said channel. This information about a defect is used as the assistance which is used for 
specifying a component part with a defect, or diagnoses the problem about the design of said component 
part, or assistance which diagnoses the problem about the fabrication operation used in order to make 
said component part. One easy function in which a defect processing circuit can be performed is 
counting the number of the defects of each channel between patterns. 
[0010] 

The digital channel is designed so that digital value may be generated and it may measure. Traditionally, 
the test using a digital channel means confirming whether a device outputs Logic HI in the time amount 
expected, or Logic LO is outputted. A circuit tester is equipped with the "instrument" for often 
generating an analog signal or measuring. For example, arbitration wave equipment generates an analog 
signal and most of the wave is programmable in any forms. Other instruments may extract an analog 
signal quickly for finding power spectrum density or other properties of an analog signal etc., and may 
perform the advanced signal-processing function about the caught sample. Furthermore, other 
instruments may measure JITA in a signal. 
[0011] 

One parameter of the signal measuring may be desirable is the duty cycle of a clock signal. 
Traditionally, said duty cycle has been measured using the instrument of the bench top of an 
oscilloscope etc. Such measurement is not suitable for use in the manufacture process by which a 
component part must be tested immediately, the former — general ~ said duty cycle of a component part 
— "— it guarantees on a design — having - " — it came. That is, although it meant that it was designed so 
that said component part might make a signal by a certain duty cycle, the test for confirming that each 
manufactured component part is as a design was not performed. 
[0012] 
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We accepted what this approach probably is not [ a thing ] so much suitable for the purchaser of semi- 
conductor components when semi-conductor components operate more at high speed. A working period 
carries out comparatively the range of the duty cycle to the component part which is generally 
functioning appropriately expected, and it is specified. According to a clock frequency increasing, said 
period becomes smaller, and the permissible deviation in said duty cycle is more small. In order to 
guarantee that all the component parts manufactured fill a specification with smaller permissible 
deviation, the test is likely to be required more. In order that trimming, a calibration, or speed BININGU 
may offer the component part which fulfills the specification needed, it is likely to be needed more. We 
have recognized it as probably it being desirable to offer the simple quick approach of measuring the 
duty cycle of a component part during manufacture of a component part, without needing a special 
instrument. 
[0013] 

Some analog parameters have so far been measured without a special instrument. Said digital channel of 
said circuit tester is sometimes programmed to measure an analog mold. One example is an "edge find" 
routine sometimes called "timing retrieval (timing search)." "Edge find" specifies the time amount to 
which a signal shifts through the electrical potential difference (namely, edge) defined in advance so that 
a digital signal may shift to another condition from one condition. 
[0014] 

In order to perform edge find, said signal is impressed to the channel of said circuit tester. Said signal 
impressed must include the periodic copy of said edge. Originally the periodic copy of said edge is 
included in the periodic signal of a clock etc. When said signal originally is not periodic, a periodic 
signal can be generated by repeating and generating said a part of signal containing an edge. When said 
edge find routine is performed by the circuit tester, the component part of a sample offering is controlled 
to repeat and generate a part of signal by repeating and performing the whole test pattern or repeating 
the subset of said test pattern in the shape of a loop formation again. 
[0015] 

As an example of edge find measurement of one test vector ******, said digital channel which receives 
said signal measures the value of said signal, and is programmed to expect that said value is logical LO. 
Said channel is programmed to recognize all the signals that have a value below a threshold electrical 
potential difference as an LO signal. Said threshold is set up as it is near the average of said edge. When 
the value of said signal is over this threshold, said measurement indicates said channel "is poor." When 
the electrical potential difference of said signal is under a threshold, said channel shows pass conversely. 

[0016] 

This measurement offers the information on the value of said signal in one strobe time amount. In an 
edge find routine, measurement is repeated to much strobe time amount. Said strobe time amount 
increases during the continuous measurement which looks for the two strobe points which have specific 
time difference, and those two strobe points report the result of having differed (for example, on the one 
strobe point, pass is reported and other strobe points report that it is poor). Said time difference of these 
strobe points is often described as measuring power. The reason is because happening by somewhere 
while said signal transition is these two points is known. On the strobe point of the minimum number, 
two or more search algorithms have been applied to the target to find the changes point in required 
resolution. 
[0017] 

Although such a technique is useful, the need for the approach of measuring said duty cycle of a signal 

at quickly slight costs still exists. 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0018] 

This invention relates to the approach of having been improved which measures the duty cycle of a 
signal. 
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[Means for Solving the Problem] 
[0019] 

In one side face, this invention offers the repeat of spacing of said signal as an input signal, and relates 
to the approach of measuring the duty cycle of spacing of a signal which consists of performing two or 
more comparisons with the value of said input signal, and a threshold in the time amount controlled to 
the beginning of the repeat of said spacing. In the part which performs said two or more comparisons, 
said controlled time amount is various. Said duty cycle is calculated based on the number of the 
comparisons which have the value of the range beforehand decided to said threshold. 
[0020] 

In another side face, this invention relates to the approach of measuring said duty cycle of a signal using 
an automatic test equipment programmable to perform a test pattern. Said approach is i. The timing 
generator which generates a strobe signal in time amount controllable by the program, ii) A comparator 
programmable to carry out the comparison with the value and expected value in an input to the time 
amount controlled by the strobe signal from said timing generator, iii) The value in the input of said 
comparator is helpful in relation with the automatic test equipment which has the defect processing 
circuit combined with the output of said comparator controllable to count the number of the comparisons 
which show that it has deviated from said expected value between patterns. Said approach is said timing 
generator programmed to make the strobe signal which offers said signal as an input to said comparator, 
and has the relation of the first time amount with said signal. Perform a pattern, program said pattern 
here so that it may be the value which shows that said expected value of said comparator has said signal 
in the 1st logical condition, and it sets to the end of said pattern. In order that said value in the input of 
said comparator may make the strobe signal which records the count of the comparison performed by 
said defect processing circuit which shows that it deviates from said expected value, and has the relation 
of different time amount with said signal Said value in the input of said comparator which repeated and 
changed said programming of said timing generator, reran said pattern, and was performed by said 
defect processing circuit consists of recording the count of the comparison which shows that it deviates 
from said expected value. It is calculated from the total of the comparison said value in the input of said 
comparator to which said duty cycle was carried out by said defect processing circuit indicates it to be to 
deviate from said expected value. 
[0021] 

In the further side face, this invention relates to the automatic test equipment programmed to measure 
the duty cycle of an input signal. The timing generator which generates a strobe signal in the time 
amount which can control such a testing device by the program, The signal input combined with said 
input signal, and the strobe input combined with said timing generator, The digital output which can set 
to the time amount on which it decided in the threshold input, and the condition depending on the 
relative level in said signal input and said strobe input, comes and is, and has the markup force, Said 
value in said input of the comparator which ****, and said comparator the defect processing circuit 
controllable to count the number of the digital outputs of such said comparator which show that it 
deviates from expected value controllable by the program combined with the output of said comparator - 
- since -- it becomes. A software program is said timing generator programmed to make the strobe signal 
which has the relation of the first time amount with said signal. A pattern is performed. Said pattern here 
said expected value of said comparator In order to make the strobe signal which programs so that it may 
be the value which shows that said signal is in the 1st logical condition, and has the relation of different 
time amount with said input signal Said programming of said timing generator is repeated and changed, 
and in order to perform the approach of consisting of rerunning said pattern, said automatic check 
system is controlled. It is calculated from one or more values with which said duty cycle was counted by 
said defect processing circuit which shows the total of the comparison between all the repeats of said 
pattern in which it is shown that said value in the input of said comparator deviates from said 
programmed expected value. 
[Effect of the Invention] 
[0022] 
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The approach explained in the top has the advantage which enables direct duty cycle measurement, 
without needing the analog instrument of dedication. Furthermore, the approach explained in the top 
uses an electronic circuitry in the digital channel of a circuit tester 100 which can essentially operate 
with a high speed signal. Therefore, this technique is suitable for measurement of the high speed signal 
which has 1 Gb/s or a quicker data signaling rate. 
[0023] 

Moreover, a technique has an advantage about a comparatively quick thing. The speed of the activation 
speed of this test approach enables it to perform a test about all the components currently manufactured, 
without making a manufacture process late too much. It is an advantage that duty cycle measurement 
explained in the top can be performed with the automatic test equipment traditionally used in 
manufacture of a semiconductor device. A comparator and the defect processing circuit used for the 
conventional high-speed digital test can be used in order to perform duty cycle measurement. 
[Best Mode of Carrying Out the Invention] 
[0024] 

This invention is not restricted to the detail of the structure which is described by the following 
explanation or is illustrated with a drawing, and arrangement of a component in the application. Other 
examples are possible for this invention, and it is carried out, or is performed by various approaches. 
Moreover, it should not be considered for the purpose of explanation that the expression and vocabulary 
which are used on these specifications are a limit. "It includes", "it containing" or "it having", "it 
entering", "it being related", and those deformation which are used on these specifications mean 
including the items shown after that and not only additional items but the equivalent of the item. 
[0025] 

Drawing 1 shows the circuit tester 100 which was simplified very much and drawn. A circuit tester 100 
may be a commercial circuit tester, for example, is Teradyne. Inc. of Boston The Tiger? (Tiger) test 
system currently sold from Massachusetts (tera dyne company of Massachusetts Boston) is sufficient. 
[0026] 

A circuit tester 100 is equipped with the differential comparator 1 16. The differential comparator 116 
may be a part of circuit in the digital channel of a circuit tester 100. Other circuits in a channel are not 
shown for simplicity. Similarly, although other channels in a circuit tester are not shown, there may be 
such a channel exceeding hundreds or 1000 in a commercial circuit tester. No channels of a circuit tester 
need to contain the differential comparator as shown by drawing 1 . However, the technique explained to 
this specification is the most useful about a very quick signal. Such a signal tends to be expressed as a 
differential signal. When the input signal which should be measured is differential, it is desirable for the 
circuit tester resource connected to the group of this pin to contain the differential comparator 1 16 which 
is illustrated. On the contrary, when the input signal which should be measured is the single end, it is 
desirable for the circuit tester resource connected to this pin to contain the single end form comparator. 
[0027] 

The differential comparator 116 generates the output signal which shows the relative level of a signal in 
the forward and negative input. It sets in the configuration shown in drawing 1 , and the forward input of 
a comparator 1 16 is connected to forward foot Sin+ of an input signal Sin. The negative input of a 
comparator 1 16 is connected to foot Sin- of a differential signal Sin. 
[0028] 

The differential comparator 1 16 has the input which specifies a threshold Vod. The value in the forward 
input of a comparator 1 16 is Vod. It is equal or Vod. When only the large amount is over the value in a 
negative input, the output of a comparator 116 shows logical HI. When the difference between Sin- and 
Sin+ is smaller than a threshold Vod, the output of a comparator 1 16 shows logical LO. 
[0029] 

The time amount with which a comparator 1 16 compares is determined by the strobe signal generated 
with a timing generator 118. Desirably, a timing generator 1 18 is a timing generator controllable by the 
program which can program the time amount by which a strobe signal is asserted. 
[0030] 
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A timing generator 1 18 is similarly controlled by the control logic 120. The combination of a general 
purpose computer programmable to perform exclusive hardware and a test facility is sufficient as a 
control logic 120. Moreover, a control logic 120 supplies the signal which sets up the threshold Vod of a 
comparator 116. 
[0031] 

The defect processing circuit 124 is provided with the output of the differential comparator 1 16. The 
defect processing circuit 124 is traditionally equipped with the high speed storage which saves the result 
of the comparison performed by the differential comparator 1 16. Desirably, a defect processing circuit is 
the same rate and catches the output of the differential comparator 1 16 as the test pattern is performed 
by the circuit tester 100. In order to attain very quick actuation, a defect processing circuit may be 
compressed in case the data showing the stream of the output from a comparator 1 16 are saved by 
memory. For example, the defect processing circuit 124 may save only the output of the comparator 116 
in which it is shown that the measurement signal did not have expected value. However, any convenient 
means to save data in the defect processing circuit 124 can be used. 
[0032] 

Moreover, the circuit tester 100 includes the data analysis circuit 122. The data analysis circuit 122 may 
be the combination of the general purpose computer programmed to perform exclusive hardware and a 
data analysis function. Data analysis may be able to be performed on the same general purpose computer 
used in order to perform a control logic 120. In other functions of the data analysis circuit 122, the duty 
cycle of Signal Sin is sometimes calculated in the desirable example programmed to analyze data in the 
defect processing circuit 124. 
[0033] 

In drawing 1 , signs that Signal Sin is generated by the device 1 10 of a sample offering are shown. In a 
desirable example, the devices 1 10 of a sample offering are semi-conductor components tested during 
manufacture. 
[0034] 

Drawing 2 A illustrates the periodic signal with which duty cycle measurement may be performed. A 
circuit tester 100 may be provided with such a signal as a signal Sin. A periodic signal as shown in 
drawing 2 A may achieve the function as a clock for digital logic systems. 
[0035] 

Signal Sin has two or more periods, and drawing 2 A shows that a signal takes HI value and LO value 
by turns in it. A signal has HI value over the time amount shown by TH in each period. A signal has LO 
to time amount TL in the same period. There are two or more methods of defining the duty cycle of 
Signal Sin. A duty cycle is defined by the following equality by the example used for this specification. 
Duty cycle = 

The label of the value of TH and TL is carried out only to the period which has Signal Sin in drawing 2 
A for plainness. Each period of a signal has the value of TH and TL of itself. A duty cycle is usually 
specified based on the average of TH and TL over all the periods in a signal measurement window. In 
this approach, the specification over a duty cycle of the specification of a timing jitter is another. 
[0036] 

Drawing 3 shows the process which uses the circuit of drawing 1 , in order to measure the duty cycle of 
the signal Sin shown by drawing 2 A. A process starts at step 310. Reference level Vod is set up in step 
310. A reference value is set as the middle level between the level when being usually in level and LO 
condition in case Signal Sin is in HI condition expected. In the example illustrated in drawing 2 A, 
Signal Sin vibrates between forward and negative values symmetrically. Therefore, it is appropriate to 
set reference level as a zero bolt in this example. In this setup, a comparator 1 16 ( drawing 1 ) generates 
the output of different logical level to the condition that Signals Sin differed. 
[0037] 

A process progresses to step 312 to which strobe time amount is set. Desirably, strobe time amount is set 
up in the beginning so that it may be simultaneous with the beginning of each period of an input signal 
Sin. This condition is illustrated by drawing 2 B. A strobe signal is in the condition of having a time 
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interval between the strobes indicated to be T2, and drawing 2 B shows the regular thing to generate at 
spacing divided equally. Desirably, as shown in drawing 2 B, an integral strobe is placed into each 
period of an input signal Sin at fixed spacing. 
[0038] 

Return and a process progress to step 314 at drawing 3 . At step 314, a circuit tester 100 performs a test 
pattern using the reference level and strobe time amount which were set up in steps 310 and 312. In this 
test pattern, the defect processing circuit 124 is programmed to all measurement by the comparator 1 16 
to expect the low output of a comparator 1 16. By this programming, the defect processing circuit 124 
counts the defect over each assertion (assertion) of a strobe signal, and Signal Sin is in a high condition 
then. 
[0039] 

The test pattern started in step 314 carries out multiple-times activation of the comparison actuation 
about an input signal Sin. The number of the measurement performed in one activation of a test pattern 
is shown by X here. Since desirably equalizes the effect [ in / Signal Sin ] of the jitter caused in the noise 
in a measurements process, comparison actuation is performed covering two or more signal input 
periods, and maintains harmony with almost all the duty cycle specification. In one example, the value 
of X is about 10,000. However, with the die length of the time amount which can be used in order to 
perform the amount of the noise in a signal, or a test, it may be more large or a smaller number of 
samples may be collected. 
[0040] 

Processing progresses to step 3 16 in the end of a pattern. In the end of a test pattern, the number of 
strobes with HI value has Signal Sin equal to the number of the strobes which were not in agreement 
with the expected value by which the actual measurement was programmed. This value is saved in the 
defect processing circuit 124 as a defect count. 
[0041] 

Only two or more counts to which the pattern performed in step 314 for measurement of a duty cycle is 
indicated to be Y here are repeated. A defect's total recorded in all the repeats of a pattern is shown as Z. 
When the defect count saved by the defect processing circuit 124 is reset after each pattern, the data 
analysis circuit 122 accumulates the number of defects in all the patterns used in the process shown by 
drawing 3 . The data analysis circuit 122 can read a defect count from the defect processing circuit 124 
in the end of each pattern, and can apply the value to the accumulated defect count which is reset in the 
beginning of the process shown by drawing 3 . 
[0042] 

In step 318, the test pattern explained at step 314 checks about whether only the count needed was 
repeated. If only the count still needed is not repeated, processing progresses to step 320. In step 320, 
the strobe time amount set up in step 312 is increased. In drawing 2 C, the increment in this strobe time 
amount is indicated to be TI. Desirably, each strobe time amount shown in drawing 2 C is generated in 
the time amount mutually connected with the period of the signal Sin shown in drawing 2 A. However, 
each strobe time amount expressed in drawing 2 C generates only time amount TI later than the 
corresponding strobe signal shown in drawing 2 B. Increasing strobe time amount is measured to the 
strobe timing shown by drawing 2 B, it depends, and has the effectiveness which measures the value of 
Signal Sin on the slightly late point in a period. Desirably, the resolution of spacing TI is set as the value 
for which it was suitable in order to judge that the signal follows the specification. For example, if a 
duty cycle specification asks for having **0.5% of duty cycle 50% to a signal, it will be desirable for a 
signal cycle to be equal to 0.05%, and to set up TI. For example, TI may be equal to 1/200 of the periods 
of Signal Sin. In this setup, the value (the count by which a pattern is performed is shown) of Y may be 
200. 
[0043] 

Irrespective of the specific selected value, the loop formation containing steps 314, 316, 318, and 320 is 
repeated until data are collected to a sufficient number of strobe time amount. If samples are collected in 
the time amount of a large number to the beginning of the period of an input signal and a sample is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/2/06 



• JP,2005-292 1 35,A pETAILED DESCRIPTION] Page 4 of 6 



desirably distributed equally covering the period, the number of strobe time amount will be enough. 
[0044] 

Collection of sufficient data advances processing to step 322. In step 322, the data analysis circuit 122 
can calculate a duty cycle. According to the formula given upwards to the duty cycle, the value over a 
duty cycle can be determined by breaking the value of Z by the product of X and Y. Desirably, when 
this formula is used, two limits set to the value chosen to TI, T2, X, and Y. The 1st limit must be that a 
strobe is certainly divided equally through the whole measuring range, and the rvalue Y described as 
follows must be twice [ positive-integer ] the number of the quotient which broke T2 by TI and was 
obtained. :X and the product of T2 which the 2nd limit is that measurement of the integer multiple of a 
signal cycle is ensured, and are described as follows must be twice [ positive-integer ] the number of the 
period of Signal Sin. 
[0045] 

In step 324, the calculated duty cycle is used in order to change the manufacture process of semi- 
conductor components. Various correspondences to the measured duty cycle are possible. For example, 
the duty cycle measured to the device 1 10 of a sample offering may be measured with the specification 
over the type of device. If the duty cycle corresponds to the range of a specification, a device may be 
packed and may be sold as a practical device. Or when the device of a sample offering does not show 
the duty cycle of the range of a specification, a device may be canceled again. Or a device may be 
assigned to the lower speed bottle for speed components (speed bin) again. Then, a device may be 
packed suitably and may be marked. 
[0046] 

Or the result of duty cycle measurement may be used again in order to change the processing part of a 
manufacture process. As further alternative, in the result of duty cycle measurement, it may be used to a 
calibration or other processes, and the duty cycle of the device of a specific sample offering may be 
corrected by it. 
[0047] 

Thus, although some side faces of at least one example of this invention were explained, various 

modification, deformation, and amelioration will be easily made by this contractor. 

[0048] 

For example, it is shown that drawing 2 B is set up so that strobe time amount may have two samples 
per period of Signal Sin. Fewer samples may be collected in period. However, probably, it must double 
the value (the number of the increments in strobe time amount is shown) of Y, in order to obtain the 
same result. Or the number of the strobe time amount per period of Signal Sin may be larger than 2 
again. Desirably, the number of the strobe time amount per period is even. The value of Y is made to 
decrease proportionally when the number of the strobe time amount per period is increased carelessly. 
[0049] 

Furthermore, it was explained in the top that strobe time amount was set up so that two samples per 
period of an input signal Sin might be collected. In relation to this setup, it was explained that the 
increment of a strobe was a part of period of Signal Sin equal to the reverse of a value Y. With two 
samples per period, this combination of a value makes the situation that a value Y is a value which hung 
the quotient which divided T2 into the integer multiple of 2 in TI. If the value of Y which hangs the 
quotient which divided T2 into 2 or the integer multiple of the numeric value beyond it by TI, and is 
obtained is used, it has the additional equalization effectiveness and the weakness to the noise of the test 
approach should be decreased further. However, it is not needed to suitable actuation of a technique. 
[0050] 

Furthermore, the circuit tester 100 explained that it had the differential comparator 116 which has the 
offset value Vod controllable by the program. Other circuit elements may be used instead. For example, 
this invention is illustrated by the system which measures the duty cycle of a differential signal. 
Although duty cycle measurement is useful, especially concerning the high speed signal which tends to 
be a differential signal, application of this invention is not restricted such, but it may be used in order to 
measure the duty cycle about a single end form or the signal of other types. It is the middle point of 
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signal swing when the reference voltage which is a single end comparator rather and is chosen from the 
differential comparator in which the comparator 1 16 was shown by drawing 1 is usually expected to the 
measurement about a single end form signal. 
[0051] 

Moreover, a comparator is described generating the logical signal which shows whether the input is over 
the threshold, or it is under a threshold. If a comparator has the output signal which has only two 
possible conditions, it will be explained in a top. However, some comparators output the signal 
according to individual, in order to show the condition according to individual. One signal is used in 
order to show that the input is over the threshold which shows effective HI condition, and a separate 
signal may be used in order to show that an input is under the threshold which shows effective LO 
condition. Such two comparators show the condition of many signals. It can show that a signal is HI or 
LO. Moreover, it can show that a signal has an in-between condition or the condition of the undefined. 
Such a comparator may be used in the process explained in the top by setting LO threshold as a required 
reference value, and setting HI threshold as other additional values. LO threshold is important. It is 
because the pattern programmed so that the technique expects logical LO output from a comparator 116 
to all measurement by the comparator 1 16 is explained. Moreover, although the reverse approach which 
programs a pattern is also effective so that logical HI may be expected to all measurement by the 
comparator 116 using HI threshold, probably, a formula, such as calculating a duty cycle in that case, 
needs to be corrected for a while according to this approach. 
[0052] 

Furthermore, the sample is described by by increasing strobe time amount between patterns being 
collected over various strobe time amount. The sequence that samples are collected is not important. The 
permissible result should be given, when it migrates to all the range of spacing of an interested signal 
and brings about the same sample distribution, no matter it may collect samples in what sequence. 
Desirably, sample distribution should be uniform over all the range of interested spacing. 
[0053] 

Moreover, optimization of the test time amount by reducing the required number of repeats of a pattern 
expressed by the value Y by combining the principle of this technique with use of timing edge retrieval 
is attained. In this approach, spacing between the strobes shown with a value T2 must synchronize with 
the period of an input signal Sin. This is whether the positive-integer multiple of a strobe is always in 
per period of Signal Sin, and the same is said of reverse. In optimization of this test time amount, in the 
period of the signal Sin including electrical-potential-difference transition, the timing edge retrieval 
technique will be used in order to determine the quickly coarse timing range. Consequently, probably, 
the data collection process shown by the loop formation of steps 314, 316, 318, and 320 is only needed 
from drawing 3 in this narrower range in which existence of a signal edge has become clear. All the 
things out of this range are correctly predicted to have the defect count Z equal to the one half of the 
total of Strobe X. When it turns out that electrical-potential-difference transition appears only in plus 
[ of a signal cycle ], or minus 5% as an example to the strobe location N, the product of Tl and Y is 
reduced so that only 10% of this part of a signal cycle may be covered, and brings about reduction of a 
single figure in the required number of a process repeat. 
[0054] 

Such modification, deformation, and amelioration are a part of this indication, and are in the pneuma of 
this invention, and the range. Therefore, the above explanation and a drawing are shown only as an 
example. 
[0055] 

It does not mean being drawn so that an accompanying drawing may be proportional with a fixed scale. 

Each which is shown in various drawings is the same, or the almost same component is expressed in a 

drawing by the same figure. For plainness, the label of all the components cannot necessarily be carried 

out with all drawings. 

[Brief Description of the Drawings] 

[0056] 
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[Drawing 1] It is the outline sketch which illustrates some useful automatic check systems in 
measurement of a duty cycle. 

[Drawing 2] (A) - (C) is a useful outline sketch in an understanding of the approach of measuring a duty 
cycle. 

[Drawing 3] In an understanding of the approach of measuring a duty cycle, it is a useful flow chart. 

[Description of Notations] 

[0057] 

100 Circuit Tester 
110 Device 

116 Differential Comparator 
118 Timing Generator 
120 Control Logic 
122 Data Analysis Circuit 
124 Defect Processing Circuit 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is the approach of measuring the duty cycle of spacing of a signal which consists of the following 
three steps, 

a) Offer the repeat of spacing of said signal as an input signal, 

b) In the time amount controlled to the beginning of the repeat of said spacing, perform two or more 
comparisons with the value of said input signal, and a threshold, and perform two or more comparisons, 
changing said controlled time amount, 

c) Calculate a duty cycle based on the number of the comparisons which have the value of the range 
beforehand decided to said threshold. 

How to measure the duty cycle of spacing of the signal characterized by things. 
[Claim 2] 

The approach characterized by for said signal being a digital clock and said spacing being the positive- 
integer multiple of the period of said clock in an approach according to claim 1 . 
[Claim 3] 

The approach characterized by said signal being a differential signal in an approach according to claim 
1. 

[Claim 4] 

The approach that said input signal is a differential signal which has two feet in an approach according 
to claim 3, and the comparison with the value of said input signal and a threshold is characterized by 
consisting of a comparison with the difference of the electrical potential difference between said feet, 
and said threshold. 
[Claim 5] 

The approach that the value which said threshold shows is characterized by being the value which has an 
electrical potential difference with said two equal feet in the value in an approach according to claim 4. 
[Claim 6] 

The approach characterized by using an automatic test equipment and performing in order that said 
approach may perform said two or more comparisons and may change said controlled time amount in an 
approach according to claim 1 . 
[Claim 7] 

The approach characterized by consisting of two or more comparisons counting the number of the 
comparisons which have the value of said range decided beforehand to said threshold in an approach 
according to claim 6. 
[Claim 8] 

The approach characterized by generating said signal in an approach according to claim 6 by the 
semiconductor device of a sample offering connected to said automatic test equipment. 
[Claim 9] 

The approach characterized by consisting of two or more comparisons using the comparator which has a 
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strobe input in an approach according to claim 7. 
[Claim 10] 

The approach characterized by for said automatic test equipment consisting of a timing generator 
controllable by the program which supplies the timing signal combined with the strobe input of said 
comparator in an approach according to claim 9, and consisting of changing said programming of said 
timing generator in order that changing said controlled time amount may change the time amount of said 
timing signal in the strobe input to said comparator. 
[Claim 11] 

The approach characterized by for two or more comparisons consisting a test pattern of multiple times 
and performing, and changing said controlled time amount consisting of changing said controlled time 
amount in the intervals of activation of said test pattern, and activation in an approach according to 
claim 7. 
[Claim 12] 

The approach characterized by for said pattern controlling a circuit tester in an approach according to 
claim 1 1 in order to collect the samples of X individual, and repeating said pattern Y times. 
[Claim 13] 

The approach that said duty cycle is characterized by being calculated by breaking the number of the 
counted comparisons by the product of X and Y in an approach according to claim 12. 
[Claim 14] 

The approach which said automatic test equipment is used for the process which makes a semiconductor 
device in an approach according to claim 7, and is characterized by being used in order to change said 
process from which said duty cycle of the signal made by the semiconductor device currently 
manufactured is measured, and said calculated duty cycle makes a semiconductor device. 
[Claim 15] 

The approach characterized by changing said process which makes a semiconductor device in an 
approach according to claim 14 by sorting out the semiconductor device which has a duty cycle in the 
range beforehand decided to the further processing. 
[Claim 16] 

The approach characterized by changing said process which makes a semiconductor device by carrying 
out speed BININGU (speed binning) of the semiconductor device in an approach according to claim 14 
based on said duty cycle of said device. 
[Claim 17] 

The approach characterized by changing said process which makes a semiconductor device by adjusting 
the parameter of a processing facility in an approach according to claim 14 based on the statistical 
property of said measured duty cycle of the signal generated by two or more semiconductor devices 
currently manufactured. 
[Claim 18] 

The approach characterized by being controlled so that two or more comparisons are performed in an 
approach according to claim 1 in the time amount over the beginning of the repeat of said spacing over 
which said controlled time amount is uniformly distributed over all the range of said spacing. 
[Claim 19] 

It is the approach of measuring the duty cycle of a signal using an automatic test equipment 
programmable to perform a test pattern. Said automatic test equipment i) The timing generator which 
generates a strobe signal to time amount controllable by the program, ii) A comparator programmable to 
carry out the comparison with the value and expected value in an input to the time amount controlled by 
the strobe signal from said timing generator, iii) It has the defect processing circuit which said value in 
said input of said comparator can control to count the number of such comparisons which shows that it 
deviates from the expected value between patterns and which was combined with the output of said 
comparator, and said approach consists of the following five steps 

a) Offer said signal as an input to said comparator, 

b) Perform a pattern with said timing generator programmed to make the strobe signal which has the 
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relation of the first time amount with said signal, and program said pattern so that it may be the value 
which shows that said expected value of said comparator has said signal in the 1st logical condition, 

c) In the end of said pattern, said value in the input of said comparator records the count of the 
comparison performed by said defect processing circuit which shows that it deviates from said expected 
value, 

d) In order to make the strobe signal which has the relation of different time amount with said signal, 
repeat and change said programming of said timing generator, rerun said pattern, and said value in the 
input of said comparator performed by said defect processing circuit records the count of the comparison 
which shows that it deviates from said expected value, 

e) The approach of measuring the duty cycle of a signal using an automatic test equipment 
programmable to perform the test pattern characterized by calculating said duty cycle of said signal from 
the total of the comparison which shows that said value in the input of said comparator performed by 
said defect processing circuit deviates from said expected value. 

[Claim 20] 

The approach characterized by modification of said programming of said timing generator consisting of 
a part of period of said signal, i.e., said programmed time amount of said strobe signal, increasing in an 
approach according to claim 19. 
[Claim 21] 

The approach that said strobe signal is characterized by having said signal to which two or more 
comparisons with said signal are made to carry out at said comparator at each period of said signal, and 
the relation of time amount in an approach according to claim 19. 
[Claim 22] 

It is the automatic test equipment programmed to measure the duty cycle of an input signal, 

i) Timing generator which generates a strobe signal in time amount controllable by the program, 

ii) Comparator which has the digital output which can set to the time amount on which it decided in the 
signal input combined with said input signal, the strobe input combined with said timing generator, the 
threshold input, and the condition depending on the relative level in said signal input and said strobe 
input, comes, is, and has the markup force, 

iii) Said value in said input of said comparator was combined with the output of said comparator 
controllable to count the number of the digital outputs of such said comparator which show that it 
deviates from expected value controllable by the program. Defect processing circuit, 

iv) In order to perform the approach of consisting of the following three steps, it is the software program 
which controls said automatic check system, 

a) Perform a pattern with said timing generator programmed to make the strobe signal which has the 
relation of the first time amount with said signal, and program said pattern so that it may be the value 
which shows that said expected value of said comparator has said signal in the 1st logical condition, 

b) In order to make the strobe signal which has the relation of different time amount with said signal, 
repeat and change said programming of said timing generator, and rerun said pattern, 

c) Said value in the input of said comparator calculates said duty cycle of said signal from one or more 
values counted by said defect processing circuit which shows the total of the comparison between all the 
repeats of said pattern in which deviating from said programmed expected value is shown. 

The software program which controls said automatic check system in order to perform the approach of 
consisting of things, 

since — the automatic test equipment programmed to measure the duty cycle of the input signal 
characterized by becoming. 
[Claim 23] 

The automatic test equipment characterized by said comparator being a differential comparator in an 
automatic test equipment according to claim 22. 
[Claim 24] 

said software which moves on a general purpose digital computer and said general purpose digital 
computer further in an automatic test equipment according to claim 22 ~ since — the automatic test 
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equipment characterized by becoming. 
[Translation done.] 
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E^+ >*;WifuEMtf r^&T-£5J t^t. arE^#0«ffi38«b*^fiO-FC** 
[0016] 20 
> K ;l/ - ^ ;/ fc *> ^ T , SJ^«^<©XbD-^KfP^{c«LT^0ji^n5o Huiaxhn 

ists) o cne»©x h u-zrx-c > h o m e i$ is g » « l« ttf »j£#ft?fi6i: lte 

[0017] 30 

[«re<DBa^] 

[0018] 

[llgfcflmf Sfci&<Z>#a] 
[0019] 

emiofl o s o £*f t TW»«nfc^iBK:fef t» mmxtim^oymt u t ^ 40 

KBIT £<> BuEffi&OJt&fcfT? S5#T*{±, buE^J® 2 n Bf H « « 4 T-fc 5 . SSfi 
-•r-r-9--r*;W±, i5Et^v^ffit^LTSe)*>i:46»l46 6n/-cli5H©ffi*W-r5it«© 

[ 0 0 2 0 ] 

t> -5 1 o (D <M ffi til *5 V> T , rX h^^->^SIfT-r5<fe 5 (C/n^^ATf 5 
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i) Mian y^u-tKDXJiicioiizmtiK /< * - y <d m<D mmmnmfr % mm l t ^ 
DKfc^T. mmxysi^-zvxiitisiizffimmtfffimm&mfrbmstvzctz* 

y75>^^SDSLf!L, Buie^^->^»*frL. hu §2 ^ © S 0 88 £ £ o TRto 

nfc. MiBn yt% v-z<o\ti\cistfz> mmmtfmmm'&mfr &»K-r % c t^mtitn 

[ 0 0 2 1 ] 

^A*t. mmz-t 5 >^tssts^?nfcx h n-7A# t , L^^iiA^i:, mm 20 
ft^A^tcfctt5ffl«w^i^-<^t«#-r5«ai^<tt;tuExhD--^A*T'gtti6p.n/c 

R^tcfcttS L#^ffiA*j£*rf 5 -r V s * ;1/ Hi *J . iiuEny 

/?u-^©HMEA*fc^^«Huie<i*^ 7 a y 7 i±t* mm-?: 2 z mm mfr z mm? % C £ 

fffli ? fciiuEn y;$ls—i*<D7 : i?Z)\'l]iti<D$i%:m.x.Z> J; 5 f ;: 3PJ a? T* t 3 , h« 

m^y^u-^comti tsa&z titc^&yim®& t . *pp>&3 0 v7F-)i77d^a 
Ajn/craE^-f ^ y y^^ggr-. -y*nfiL. c c x-mm^ ^ - y a. mm=iy 

Offlt-fc46»c, MB>-f 5 > yfg£§§<DfuE:/a ^ ^ > ^£18 •) £ LM iuE^* 30 
fuExo.-x w tfW MIB3y7-?U-^<DA*t*5tt5t5EffiA^ ii/o^7A 

2nfcW^ffl^?.®si-r5ci:^^-r, ME^#->©^T©$9jgL0>R8<Djt®<oii£ 

[ 0 0 2 2 ] 

fSfftsct^Tf s> txm ooox^^/i/^-vy^^tOffT-m^iHiiss^fijffl-rs 

o bfctfoT, C<Dx » * fcfc . lGb/s, $ t± , <fc 0 j£ ^ r - * ft £ 40 

[ 0 0 2 3 ] 

W^T*fe5„ ny/su-*, J: tfft * <D ffi )£ r ^ ;b r x h ffl ic filffl ? ti 

[^w^nas-r5fc*(Dffis<D»®] 

[ 0 0 2 4 ] 50 



(9) 



JP 2005-292135 A 2005.10.20 



, «£®»M*tf««S*©EHfc«llS;*ftav'. # 11 W « <0 II fifi 0>J ^1 tl T* & 0 , 
SlfigStU SfcSS^5:*iST*ifr?n5o * (EM * ffl ft 5 »Vvg L *5 * I? 

[ 0 0 2 5 ] 

awi, ^#cfSi»S<kurfS^tifc^x^ioo^^-ro txmoos, m H6 <d x x * 

f fc-3TU<« «xtf, Teradyne, Inc. of Boston, Ma 10 
s s a c h u s e t t s ^OT7?Ot) frbffi.7S.ZtlT 

1 ge r? # — ) tX F->XrAT*Ut\ 

[ 0 0 2 6 ] 

•rX* 1 0 0 tt, Hidn^/^-^i 1 Mft=i>/*U-*1 1 6(±, x X 2 

1 OOOx^^^^-^V^-^fcfeltSlHlgSO-^-efeS^feLn^^o fB # £ © fc #> fc: . 

misoxx * tea, ss^f^ixs^eoi^sf 

o xX*<D-f "*T©?-+ 0 1fS?ti5J:^S:iil3V^L'-?*#A,t'ir^ 

^ xt><m ft mm? coif>oiKSiJtisfx^'jy-x!&^ igjns 
<fc-5*MSiay/^u-^i 1 6 £$at*^s c t tfg £ ffitc, M^snst^Aft 

[ 0 0 2 7 ] 

tH^M^^5g^-T5o 0 1 klfc^T^^tlfcli/SfCii^T . 1 1 6 ©IE©A 

X7(i. AZJM^S i0 OjE©l«lS in+ (c^^^n5o n 1 1 6 (D %.<D At) It . M 

ii§s 1 .<Dis 1 „.{cgi?ns» 

[ 0 0 2 8 ] 30 

1 16 Lf ^iV^^ggtSAi/^WtSo 1 1 6 

(DJE<DXtt K fcttSMtf, V od fctVL^fr, £fc«V od «fe 0 A fr ^ « f£ M. © A * 
*Jtt3ffi;£je*T^SI$. 3 1 1 6 0ffl*tiil«4H I ^^t„ S ln .tS l 

„,<om<omtiK U#^ftV od * 9^?W«^, rJV/SU-* 1 1 6 ©mZ7f±l5JlW=5: L O 

[ 0 0 2 9 ] 

ny/^-^i 1 6 a<J±$&£tT 5 2^~>y?g£l§l 1 8iaoTt«?nu 

hP-7i§(CJ:oTS;^?n5. SSKIi, ^^^y^^^ggl l 8lt. 

^fg£2§T-&S 0 40 
[ 0 0 3 0 ] 

* 5 > ^3g£ig 1 1 8 it. m&K, mmmm 1 zotioTsa^n^o susphs 1 2 

*©ffl#£t>-frT't><i:^ 0 M0163! 1 2 Ott. 1 16Clf^iV od 

[ 0 0 3 1 ] 

0 8 1 2 4 ti, 1 6tc«}:oTff^nfcltl5!©^m^«#-r5iS^^^ 

*tT?tlT^5(Di: 1^ U U- b T*> H»n y/S b-* 1 1 6 © W 73 £ fit jgf 5 » 50 



(10) 



JP 2005-292135 A 2005.10.20 



*ffi#tSfrt»Ltl4V\ 1*14*^, MM HI 8 1 2 4 fC*^Tf-*5§#t5 
[ 0 0 3 2 ] 

rX 2 1 OOfix-^flPffilHlg&l 2 2^§A,f^5 0 ^-^MEgg 1 2 2 fcfc, H 

as^btffesfrunii^ -r-^p^ti. ©janisa i 2 o^*fT-rsrc46tcffl^e> 

tl5l^eSlffl3>lf i -^±T-H?rnr^^ l £, Ltl^^o ^-^HPflrBK l 2 2 ©ffi<DM 10 
[ 0 0 3 3 ] 

[ 0 0 3 4 ] 
[ 0 0 3 5 ] 

H2AB> S ,.««aa©JSflli**f fOtfl^id'xSli: H I mt L 0ffi£ffi3 C 

it5is©sa*'fe5o iinitcffl^snftffnftt, fi-f^^^w^fflia 

T„fcT L <7)ffi«, UBifi? ©fcfcfc, 0 2 A ICfct^TM^ S , „ © £ 3 £3 SB fc tttc ft LT7^ 
[ 0 0 3 6 ] 

03 02 AT*^^n5ffl^s ln ©T f i-X'C-9--r^;i/^aii^-r«/ci6tc0 1 <Dm%,* 
fe^tgi? tifcmr-it. m^s la itTEis£Tf$i<Dm<Dm%mkmicmm?z> 0 Lfc&i 

T x C ©flit t>(^Ttt«?P U-Ol/£-t?D h lcmi£-tZ C £ t!-mWT-&Z> 0 C©^£T' 40 
fcfc, 1 1 6 (0 1) (i, i^S ln <DS5-9fcfti(Cjfl/TSSoftlill/' , \ 

[ 0 0 3 7 ] 

fa^xit. XhD-7"Mtfi^?n5Xf-y/3 1 2 lcICf 0 MJL<ti, X h n - 

o C©Mfct0 2 B fC0^^tlS„ |2B«, XhD-^fi^*^ T^iJnfcXhP 

t. g$L<fi. 0 2 B tc^£ tl5 J; 5 ISfflX hn-^A'^ -^cDRgfiiT* A*)ffi^ 
S , „ © & S ffl ^ fC § *l & o 

[ 0 0 3 8 ] 50 
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®3KM0, ^D-feXliXf 1 4tCiit? 0 X f- >y ~f 3 1 4 7?, -r X * 1 00 (±, X 

1 035J:tf3 1 2 (cfei/^T^^$nfcffi?PU^;l/*<i:t;x h n-^Bf Rg^rffli/^T 
» xXh/^-y^StffrSo CfflfXh A^->tCfc(,^T. ?Jk)llBRl 2 4V, 3 

> u - * 1 i 6{c«t5&e>i$>?>iHi];£ic*tLT, i 6©<gv>m^3^w^-r 

m^<DM4 <DTV--i/ a y (a s s e r t i on) fC*f-fS^&£&;U -?"<DB3K MS 
[ 0 0 3 9 ] 

Xt"^3 1 4 icis^TfflfeZ titer- X h rti* - y&, A2jfl*f S , „ ic O (/^ T © J±« Kjfp 
TilfTStU A,£©x i-x-r ? frit & t <D mm ZU-d 0 lcxDfiHT'fi. X<Dffi 
[0 0 4 0] 

;<!*->©$|*> 0 Kis^T. mmitXr v 7 3 1 6tciityo rXh;^-yo^to!)(cfe 

-KL&^^ftX hD-7'OtlC^tl ( \ CCUKi, »7 > h t LT^&S&3HhI88 1 20 

2 4 <D*IC&&2 tlZo 
[ 0 0 4 1 ] 

*">>h*', *;0-yoat'Jt?h?n5l8§. x- 2»*tIh1& l 2 2 (i , I3fi 
^ fl?«f [si 8S 1 2 2 (i, ^ft^ncD/^-ytD&frDCfcl^T^&MlHlJSl 24*>6IS 

[ 0 0 4 2 ] 

Xt7^3 1 8tcfe^T. X x y 7 3 1 4 TiiStifcrX & S t £ ft S 

S 2 ft T !/•> & ft fcf , fflSti, Xf--y^'3 2 0 fCjity„ Xf 77*3 2 Otfe^T, X x >y 
X3 1 2£fe^Ti^?nfeX h D-^l^fP^^lgijn^nSo 02 CtCfe^t> COXbD 

-•t*b# Rat a t , fc^jns. s$l<», 0 2 c (csjn«&x h 0-7*$ 

, 0 2 C fC :fc^Tggj2*lfc&X b a~zrmr$te. B2BK:,f»Jtl5J})St5XhD-7 

ftsx h n-^^t-r 5 ysfxmmznrcx. 0 , « ib tc *> # s t> *mc a ^ # > h 40 
, ittj}iT5o%f 0. 5 0.-7- 4 ? fr*m? z z t 

S,„©Hffl«)l/2 OOt^Ll/^^lft^V 1 . lOSST\ Y <D ffi (/*£-> H ft £ 

nsisi&^^-r) a, 2 0 0 T-fes frt Ltifti/^o 

[ 0 0 4 3 ] 

S{fn/c#^o<i(c^^t3e-r> xf-^3 14, 31 6, 3 is, eitf 3 2 o^tc? 

+»fts©xhP-y«fRgtcWLT7 f -^^jR»?n5$T-^0ii?n5 o m 
st<tt, Axm^©ju$i©&S: ?> c#-r 5 £ i& © i# na tc :fc i,> t -9- v://i/#M£ft, -9- 50 
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[ 0 0 4 4 ] 

+ x- ^tfiRSlSnst, ^Saxx>y^ , 3 2 2lcii€y„ Xf 2 2 (cfe^t, 

x-*fl¥*T @K 1 2 2 fix a-x -T tf-f t )V*%\nT*% 5o fa-f^^^toWfl, 
±K4*.P>ttfc:&5£{;:ftoT, Xi:Y<D©T*Z<0«*SiJ5Ci:fcJ;-pT, fi-TYt-f 

t 2 , xfej:tfY(;:wtTa«n?.ffl(c2o©!&jps^fe^n5o $ 1 *> n is a ^ xkd- 

: ffiYtt, T 2 £T,T'fJoT^£nfc*©B5C>IEgS&©©S&T-£tfntf&6& 
v> 0 Sg2©#JI8fi, MJBJH©M«»©ffl£#**fcfTton.5 c «TOJ:5 10 

fcj$^e.ns : Xi:T 2 <9*B«, S „OI 8H<DIEg&fgcD&T-£ttni£& 6. 
[ 0 0 4 5 ] 

Xfy/3 2 4ICfe^T, WI^nftfa-T^^^l^ ¥ g{* S> <0 S jg 7 D -fe X 
T'«5o 0«*fcf> {KIJcDx/W X 1 1 OlCJtLTlf ^nftfa-f^-f^/K^ ^ <D 

e-KSPp^ffl^Xtf-Ke^ (speed b i n) KfUDSTe>n5;frfcL*l&^o * 20 
[ 0 0 4 6 ] 

46fcfflt^e.n5^fe Ltl4l/\ LT, x a - x •» >f * <D&* ft* 

[ 0 0 4 7 ] 

[ 0 0 4 8 ] 30 

, <g 1 2 n & # n fcf & e> & </•> f£ 3 -5 „ & s $ , t^SuOgwsftooxhD-y 

B$ US <D & fci , 2i0^tl>)!i^Lft5:^ o M$L<(±, lJSWfefcO^XhD-X^rMO 

sua ^misnc i mm&tz') (ox v u--7mr$<D®.zm j p? t, Yvmz&m 

[ 0 0 4 9 ] 

£6fC, Xhu-yt$R8#, A*JfI*f S ( „ 4) J3 KB & ft: »3 2 OflD-tJ- > 7 )l> * 5 <fc 5 K 

l«?ftfet> ±T*gtraLfco COaStiiILT, XhO-X<Dii#*, <iY<Di£i;3f 40 

«^ s l0 oswo-3P^T-fe5, tmmLfco 1 hirste: o 2 oo^>7;n*, a 

OtWiJ^fc^tt, ttYi'^ 2©S»fg»{c, T 2 *T,T?*l-3;tea*flM*fcffi-e«*i: 
^StffcfcftO tBf o 2 $ fcfi*n&±4)&li<Dif&fg&fc:. T 2 £ T ,T-8iJo fc«*8M* 
T»p.n* Y«7)ffi*ffl^5 i:, ifiiio¥9fc»«**r fxhSS©/^XC*f 
t5IS*i'>ft5(if Tfe5„ % n x * - >y * <0 % W & Witt W L 

Tfti&g £ ftit^4l>, 
[ 0 0 5 0 ] 

xX* 1 0 0 tf, /ny7AT'M8Jl?f 5*7t7MV, d *tt5ilny^ 

u-* 1 1 6*«Bx.5i:S4WLfco m<o®&m?tfRt> o icm ^ z n z t> l ti*^ 0 m 

*.fcf, *«S(iillf(Dfa-f^'f^*5:j|($t5i'XfAKj;oTli?n5. 50 
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iff KO^T(Di^K^LT(i, n y^b-* l l 6tt, g 1 T'S^tl/ciin 

, »it#2ftsft*f ;w y ?©*£-e&3 

[ 0 0 5 1 ] 

$ tc , 3 > V - Z it , AiAat ^l^IitT^5A\ Sfttt Lf ^iOTCSSA^ 
f££Wf 3m*l«*f JiTiUJns. 1*>L4*6, ^<ofr03>/<l/-* 10 

a, ffl9j©tttt**-rfc»icflaij©«^«tB*-r*. looi^a, s^shi 
oT'^sa^^tttA'T't s. sfc^titt, fmntttt, *&»*£«©« 

£<^ffi£tS5£b, *©{fi©$£Wfcffi{;:HiL£^ffi£ia)£-f£iii:tc<l:o'T\ ±xmm 

fc? , * © x * x y * # , nv^l/-? 1 lefCiSfe^^SSiJ^t^LT, 
1 1 6 fre>i&JIW& L 0 tb 2t * SB f# f S <fc -5 £7a ^ 5 A £ ft 5 * - > £ o (,> T IB HB f 20 
£ fc , HI Lt^l?ffl^T, n y A U - * l 16{C<fc5fe^^5ai^»C 

o T '> L ^ IE 2 ft 5 &B # & 3 T- & 3 5 <> 
[ 0 0 5 2 ] 

X ha - Mfc: fc>fcoTiK#IS ft 5 i: LTBjSSftT^*. > ft 5 «# 

ttfiBTfttft^. if©<fc •? >7;1/*iR*UTfc» * fttf»i*©£ £<I*f ©F.BBI 

©£fBBtcfc>*:^ T, ^D-9->^;l/^^«:tfc?>-r^^fctt, ff§T-# 5 it 

[ 0 0 5 3 ] 

45. C<D7fa-f-lc^^Xlt. ffl T 2 tc <fc -o X S £ ft 5 X h d - 7 © K © 
Mli, A*«^S in ©Sffii:raWLTi/^ttfttf%e>*^o Cftii, M*f S , „ © 1 » JW 
fcfcOK* X h D-y<DIEiEi$fglSA^fCfe5*^ i: ^ o £ t T'fe 0 , M t> $ m & V $> 

5?o *■©££, 0 3fr^, ^fy^3l4, 316, 318, :fe<i:tf3 2 0© 40 
gsBJc:fc^T&gi:;*ft3ff«-T?&3 5o C©S!B©tt{c&3-r-^T©t>©t±, Xhu- 

7 x ©$£»©¥#£ ^ Lv^m* * y v z^tt 5 tiESit^iBi^ftSo mtLx. ms. 
m®ff. x h a-yiiiWNKttLxm^mm®?? xtrcte-v-ji-x 5 %Kis^x<>)frm. 

* 5 jck t £*u ^a-fex^0jgL©^ssc(cfe^T-*ff©BijM^tfcp.-r o 

[ 0 0 5 4 ] 

*©£5£^H, C©g3^©-g5T'feO , * fg H8 © IB # <£ £ B 

©4>fc&5<, LfctfoT, J-X±©i4Wfe<i:t;Bffi(i0iJ i: LT(0*it & ©T-fcSo 
[ 0 0 5 5 ] 50 
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[ 0 0 5 6 ] 

[0 1] fa-f -ft^i'^CiitCte^TWIftlieiS^Xf A©-Si!^0^tSI 

c@2] (a) ~ (o it. 7 3.-7- 4 t fr&Mfe? zjs&<ommicis^T%m%;i®t 

o 

[ 0 0 5 7 ] 

1 0 0 7-7, * 

1 1 0 X 

1 1 6 MKiny/^l/-^ 

118 yjf»4S 

12 0 ©JSHiUI 

1 2 2 x- * ft?#T[H]8 

i 2 4 ?p&$ag@g& 



[0 1 ] 

a 



[0 2 ] 
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